4 + k , (~A , B , d)l
As an example, the following procesed data from a 1.1 18m diameter Cassegrain reflector measured at 94GHz illustrates the effect of numerically aligning the data to a fraction of the sampling interval. After alignment to the nearest datum point (using the CG), residual misalignment of (1.64, 0.14)mm at plane A and (1.05, -2.74)mm at plane B are present in these data, which were recorded for 6mm sampling interval at Z , = 0.0027 x Dih (1.05m) and Z, = 0.0077 x D2/h (3.015m). Fig. 1 shows the result of precise alignment and nearest datum-point alignment, compared to the 'control' phase and amplitude prediction which is itself subject to phase errors.
Conclusion:
Numerical alignment by beam C G improves algorithm performance for phase retrieval of submillimetre wavelength antennas by removing the linear phase term. This results in faster convergence to a better solution, which is evident from the reduced error-metric levels. Moreover, there is no requirement for precise mechanical alignment of the AUT at both planes, provided that roll is not introduced. Numerical data-alignment to a fraction of a sampling interval is now possible and has been shown to be significant.
Optimum quantised low sidelobe phase tapers for arrays

R.L. Haupt
Indexing terms: Antenna phased arrays, Genetic algorithms, Antenna arrays A genetic algorithm is used to find optimum quantised low sidelobe phase tapers for linear arrays of point sources. This method has the advantage that the optimum taper is found in quantised phase space rather than in continuous phase space.
Introduction: Low sidelobes in the far-field pattern of an array are usually synthesised using an amplitude taper. A low sidelobe taper can also be synthesised using a phase taper across the array. Phase tapering has a simple feed network compared to amplitude tapering. Instead of amplitude-weighting the signal to each element through a complex feed network, it phase-weights the signal to each element via the beam steering phase shifters that are already part of the antenna array.
Numerical optimisation and analytical methods have been used to find low sidelobe phase tapers for linear and planar arrays. The phase shifters had continuous values between 0 and 2rr and did not consider the deleterious effects of digital phase shifters [I] . A method for obtaining a low sidelobe phase taper with quantised phase shifters is presented in this Letter. A genetic algorithm is used to find the optimum phase settings that result in the lowest possible maximum sidelobe level [2] . This approach is superior to traditional optimisation techniques because it can optimise a large number of discrete parameters. A genetic algorithm finds the optimum parameter values from a very large but finite search space. A genetic algorithm can optimise a phase taper for a large number of phase shifters with quantised phases. Most traditional optimisation algorithms work with continuous parameters and can not adapt to digital phase shifters. The continuous optimum solution, when quantised, may not be the same as the optimum solution in the quantised parameter space. In addition, the quantised phase shifters raise the sidelobe levels, depending on the number of bits in the phase shifters and the number of elements in the array. where the b, coefficients represent the binary sequence associated with a phase setting. Thus, binary encoding of the phase is called a gene. For example, a phase shifter with a 3 bit accuracy set at 90" has a gene given by
In turn, the genes are placed together in an array called a chromosome. A four element array with phase settings of 90", 0", 270°,
and 90" has a chromosome representation of
A chromosome contains the binary encodings for one possible low sidelobe phase taper. A genetic algorithm starts with a set of random chromosomes called the initial population and simulates biological evolution and natural selection to arrive at the optimum chromosome. Superior chromosomes mate to produce offspring or a new generation for the population. This iterative process continues until the best chromosome is found. More detailed information on the genetic algorithm optimisation of array antennas can be found in [3].
Consider a 40 element linear array with 3 bit phase shifters. where P is the peak power of the main beam for the phase tapered array and Po is the peak power of the main beam for a uniform array with the same number of elements. The quantised taper has an efficiency of 58%, whereas the continuous taper has an efficiency of 70%. The quantised optimum solution is inferior to the continuous solution but is more realistic for practical phased arrays. Fig. 4 is a graph of the average fitness (maximum sidelobe level) of the population per iteration. The average fitness is often used to determine convergence of the algorithm. Here, the algorithm converged in -40 iterations. Random components in the algorithm account for the jagged nature of the curve. 
